ABSTRACT
INTRODUCTION
Investigations into the distribution of bacteria and their antibiotic sensitivity pattern in animals are very important because food animals have been identified as a source of antimicrobial-resistant bacteria (Economou and Gousia, 2015) . These bacteria continue to be of immense veterinary clinical as well as public health concern. Infections in the female reproductive tract in farm animals as well as pets are often due to opportunistic secondary invaders (Mshelia et al., 2014) . Pathogenic microorganisms could gain access into the female reproductive tract, as a result of improper manipulation at parturition or management of retained placenta resulting in infertility (Shallali et al., 2001 ). There are similarities in the types of microorganisms associated with normal vaginal flora and genital infections (Al-Zubaidi et al., 2013; Mshelia et al., 2014) , as well as the microorganisms found on normal skin and in surgical and contaminated wounds (Anguzu and Olila, 2007) . Furthermore, as with genital infections, most surgical site infections are caused by skin-derived microorganisms (Lilani et al., 2005; Adegoke et al., 2010) . Some of these microorganisms include Staphylococcus epidermidis, Staphylocccus aureus, Escherichia coli, Proteus spp, Klebsiella spp, Pseudomonas spp and Streptococcus spp (Bukar-Kolo, 2007; Swartz et al., 2014) . Thus, these microorganisms are an important factor for occurrence of infertility (Manes et al., 2010; AlZubaidi et al., 2013) , and wound contamination (Dow et al., 1999; Sturgeon et al., 2000) . Escherichia coli have been isolated from diarrheic sheep, with significantly higher incidence in younger age groups (Khalil and Eraky, 2012) . Escherichia coli was also implicated in pyometra and infertility in bitches (Fontaine et al., 2009 ). These microorganisms have become important in the emergence of antibiotic resistance through acquisition of resistance genes from their pathologic counterparts (Pallechi et al., 2008; Marshall et al., 2009 ). According to Shamin et al. (2008) , there were very few antibiotics among the conventionally available aminoglycosides, third generation cephalosporins, penicillins and quinolones that possesed good sensitivity (>80%) against the common organisms. Tariq et al.(2006) found that enterococcus, staphylococcus and streptococcus were mostly sensitive to penicillin, while E. coli and klebsiella exhibited least sensitivity. Gabriel et al. (2008) , also showed that among the antimicrobials used in the susceptibility testing of bacteria isolated from the vagina of ewes, (E. coli, K. pneumonae, S. aureus) penicillins (including broad spectrum) was least effective. Whereas, Mshelia et al. (2014) reported that 46% of the isolates from genitalia of ewes in Maiduguri were sensitive to streptomycin. It is known that combination of procaine penicillin and aminoglycosides showed synergistic effect since the inhibition of peptidoglycan synthesis allows aminoglycosides to penetrate the bacterial protein synthesis within the cell (Soulsby, 2005) . Dihydrostreptomycin and penicillin combination products had been in use for several decades and were formulated for use as broad spectrum antibiotics for the treatment of infections due to a wide range of Gram-positive and Gram-negative bacteria (Rollins et al., 1972) . Martins et al. (2009) identified Staphylococcus sp from the vagina of healthy ewes in Brazil and determined that 40% of the isolates were resistant to penicillin G and 100% of the bacteria were sensitive to ciprofloxacin. Therefore, since the use of a combination of procaine penicillin and streptomycin in treatment of animal diseases is still widespread in Nigeria, including Maiduguri, it is important to determine the susceptibility pattern of the combination. Moreover, the combination is not usually included in the commercially available antibiotic test strips. The information obtained will be valuable in choice of antimicrobials in treatment of clinical cases In view of this, this study was designed to investigate the prevalence of microorganisms on the skin, wounds and anterior vagina and their susceptibility patterns to commonly used antimicrobials as well as their sensitivity to graded concentrations of penicillin and streptomycin combination.
MATERIALS AND METHODS

Study area
This study was conducted in Maiduguri, Nigeria, in the conventional Sahel savannah vegetation zone. The city lies between latitude 100 and 13.40N and longitude 9.80E and 14.40 E. The climate of the area for most part of the year is hot and dry. Wet season starts from June and ends in September. The temperature ranges from 13°C-41°C (Sheriffet al., 2014) .
Study animals and sample collection
A total of 70 females animals (31 ewes, 24 does and 15 bitches) were sampled for this study. High vaginal swabs, samples from the skin and wounds (if present) were collected from these animals from three locations within Maiduguri. These were the State Veterinary Hospital, Maiduguri and the Livestock Farm of the University of Maiduguri from where samples from ewes and does were collected and the Small Animal Clinic, University of Maiduguri Veterinary Teaching Hospital where samples from bitches were collected. The samples were collected using a sterile swab sticks (Eurotube® Collection swabs, 08191, Spain). These swabs were transported on ice packs to the research and diagnostic laboratory, Faculty of Veterinary Medicine, University of Maiduguri for culture, characterization and identification using the bacteriological techniques (Cowan and Steel, 1993) .
Antimicrobial susceptibility test
Antibiogram of the organisms isolated was determined using the disc diffusion method on nutrient agar; inhibition zone diameters (in millimeters) were measured and recorded to the nearest whole number. The zones were interpreted as resistant or sensitive following the interpretative chart of the Kirby-Bauer sensitivity Test method (Bauer et al., 1966) . The antibiotic disk containing the following antibiotics; Cloxacillin (30μg), Gentamycin (10μg),
Antimicrobial susceptibility pattern for Penstrep®
The susceptibility pattern of the isolates against different concentrations of penicillin and streptomycin (Penstrep® Anupco, Ipswich, England) combination was determined. Antibiogram of the organism isolated was determined using the disk diffusion method. This test was done according to standard protocol. Inhibited zone diameter (in milliliters) were measured and recorded. The zones were interpreted as resistant or sensitive following the interpretive chart of the Kirby-Bauer sensitivity method (Bauer et al., 1966) .
Statistical Analyses
The proportions of bacteria isolated from the anterior vagina, wound and skin among the 3 animal species were analyzed using Chi-square test for independence using SPSS (Version 16). Values at p<0.05 were considered significant.
RESULTS
Six bacteria types were isolated from the anterior vagina swabs of bitches, does and ewes (Table 1) . A total of 179 isolates were obtained from the 70 animals sampled. There were no statistically significant differences (p>0.05) between the proportion of bacteria isolates among the bitches, does and ewes. A total of 7 bacteria types were isolated from the skin and wounds of the 3 animal species studied (Table 2) . Sixty-seven animals were sampled and 87 isolates were obtained. There were no statistically significant differences (p>0.05) between the proportions of bacteria isolates among the dogs, goats and sheep. Table 3 shows the susceptibility of bacteria from the anterior vagina, skin and wounds to the antibiotics tested. All the organisms isolated were sensitive to Gentamycin and Ofloxacin, and all were sensitive to Ciprofloxacin except Corynobacterium spp. Next in order of sensitivity were Cephalexin, Cotrimoxazole and Cloxacillin. These are then followed by Augmentin, Chloramphenicol, Tetracycline and Norfloxacin. All the bacteria showed resistance to Cefuroxine, Ampicillin, Amoxycillin, and Floxapen. The susceptibilities of the bacteria isolates to different concentrations of Penstrep® are presented in Table 4 . The result showed that Bacillus subtilis, Escherichia coli, Staphylococcus aureus, and Proteus spp were sensitive to Penstrep® at 10mg/ml, whereas Streptococcus pyogenes and Corynebacterium spp were only sensitive to Penstrep® at 20mg/ml. The zone of inhibition increased with increasing concentration of Penstrep®. (Mshelia, 2001) , does (Bukar-Kolo, 2007) and in ewes (Mshelia et al., 2014) . However, this study has shown that the proportions of these resident bacteria were the same among the three species. According to Goncagul et al. (2012) , these bacteria may only result in urogenital disease when the vaginal mucosa becomes breached, such as in cases of traumatic manipulations resulting in ascending bacterial infections of the reproductive tracts and infertility (Ajala et al., 2011; Al-Zubaidi et al., 2013) . A previous study of aerobic bacterial flora from the genital tracts of infertile bitches found that endometritis was bacterial in origin in 70% of affected bitches (Fontaine et al., 2009 ). In the bitch, the first half of the diestrous stage of the oestrous cycle is characterised by suppressed activity of cellular immunity following increased progesterone concentration and minimal oestrogen release. This allows the invasion of E. coli, into the uterine cavity through the loosened cervical canal during estrus, leading to pyometra onset (Sugiura et al., 2004) . Ali and Metwally (2015) reported that the combined prevalence of E. coli isolated from rectal swabs in diarrheic dogs and cats was 36.6%. Furthermore, the highest antibiotic sensitivity of E. coli was observed with Amikacin and Ofloxacin whilst the highest rate of resistance was observed with Cephalexin and Ampicillin sulbactam (Ali and Metwally, 2015) . Seven bacteria types were isolated from the skin and wounds of 67 dogs, goats and sheep in the present study, they were B. subtilis, E. coli, S. aureus, Proteus spp, S. pyogenes, Corynebacterium spp and P. aeruginosa. There were no statistically significant differences (p>0.05) between the proportions of these bacteria types. These findings suggest that these bacteria were resident bacteria and their presence was not necessarily associated with type of animal species infected or existing disease condition. The in-vitro antibiotic sensitivity for the selected antibiotics indicated that all the bacteria were sensitive to Gentamycin and Ofloxacin. In addition, all the bacteria except Corynebacterium spp were sensitive to Ciprofloxacin. According to Mshelia et al. (2014) , Gentamycin was highly effective against genital S. aureaus and E. coli but their susceptibility was low against Ofloxacin. Ajala et al. (2011) similarly found that Ciprofloxacin was effective against all the bacteria from caprine vulvovaginitis cases. Previous reports by Martins et al. (2009) and Goncuoglu et al. (2012) also reported that Ciprofloxacin was highly effective against vaginal bacteria. Furthermore, CDC (2011) stated that P. aeruginosa isolates continue to be highly susceptible to Ciprofloxacin, Ceftazidime and Gentamicin. The bacteria isolated in the current study were resistant to Cefuroxine, Ampicillin, Amoxycillin and Floxapen, suggesting that they ought not to be used for prophylaxis or treatment purposes. These findings agree with the report of Garba et al. (2012) who investigated the prevalence and antibiotics sensitivity of P. aeruginosa isolated from wounds of human patients in a Teaching Hospital. Garba et al. (2012) stated that the highest sensitivity was observed for Ofloxacin, while moderate susceptibility was observed for Ampicillin, Cefuroxime and Ceftriazone but strong resistance to cotrimoxazole, amoxicillin, tetracycline and augmentin. These findings indicate the presence of multi-drug resistant bacteria resident on the skin, wounds and anterior vagina of the domestic animals studied.
This also buttresses importance of sensitizing all animal health professionals about the presence of these multi-drug resistant bacteria. According to CDC (2011), these resistant strains arise, in part, as a result of antimicrobial use that selects for resistant organisms. Inappropriate use of antimicrobial contributes unnecessarily to the rise in resistance as well. In addition to the use of antimicrobials in the human population, the use in food-producing animals for prophylaxis, treatment, and growth promotion purposes also significantly contributes to the growing selection pressure on the bacterial population leading to increased resistance. The findings in this study showed that B. subtilis was the most frequent isolate in sheep, does and bitches and this agrees with the reports of BukarKolo et al. (2007) . This study also shows that B. subtilis is sensitive to Penstrep® even at concentrations of 10 mg/ml. In addition, E. coli, S. aureus, Proteus spp, P. aeruginosa, S. pyogenes and Corynebacterium spp were also sensitive to Penstrep®.
However, S. pyogenes and Corynebacterium spp were not sensitive to Penstrep® at 10 mg/ml and the zone of inhibition at 20 mg/ml was least among the bacteria isolated. Further studies are required to determine the presence and prevalence of such resistant strains. The zone of inhibition of the remaining bacteria isolates increased with increased concentration of the Penstrep®. Antimicrobial agents have been used to counter infections caused by diverse microbial agents. However, microbial populations have equally developed resistance to common antimicrobial agents (Franco et al., 2009; Chander and Raza, 2013) . Mechanisms that cause antimicrobial drug resistance and multi-drug resistance may be due to acquisition of resistance genes e.g those encoding beta-lactamase (Zhao and Hu, 2010; Economou and Gousia, 2015) and amino-glycoside modifying enzymes (Poole, 2005) . Gomez-Garces et al. (2007) observed that many cases of drug-resistance may be connected with the possibility to acquire resistance genes by gene transfer within bacteria regarded as normal flora present in large number on a given body area (skin, mucous membranes). The findings of this study suggest that a wider survey involving different animal species and sampling of anterior vagina as well as skin and wounds could elucidate better, the distribution of the microorganisms as well as their susceptibility pattern to commonly used antimicrobial agents in Maiduguri. Thus, the knowledge of antibiotic resistance pattern can be used for the purpose of prophylaxis and treatment of vaginal infections which may result in medical interventions. Base on the sensitivity pattern of the isolates in this study to procaine penicillin and streptomycin combination, vaginal infections could be prevented and treated to a large extent because of the synergistic actions exhibited by this combination.
CONCLUSION
The findings of this study have shown that the proportions of aerobic bacteria on the skin, wounds and anterior vagina of sheep, goats and dogs were not significantly different (p>0.05). These findings suggest that these bacteria were resident bacteria and their presence was not necessarily associated with type of animal species infected or existing disease condition. All the bacteria were sensitive to Gentamycin and Ofloxacin. However, the bacteria were resistant to Cefuroxine, Ampicillin, Amoxycillin and Floxapen, indicating the presence of multi-drug resistant bacteria resident on the skin, wounds and anterior vagina of the animals studied. This buttresses the need to sensitize all animal health professionals about the presence of these multi-drug resistant bacteria in the animal population for necessary action.
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